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1. 

METHOD OF MANUFACTURING A MAGNETIC 
RECORDING MEDUM 

TECHNICAL FIELD 

The present invention concerns a method of manu 
facturing a magnetic recording medium, for example, 
used for a magnetic disc device and, more in particular, 
it relates to a method of manufacturing a magnetic re 
cording medium capable of remarkably improving the 
recording density. 

BACKGROUND ART 

In the magnetic recording media such as used for 
magnetic discs, development is now under progress for 
making the recording density higher and it is known 
that the value for the magnetization transition width 
(um) a represented by the following equation (1) has to 
be decreased in order to improve the recording density. 

a cc 6-Br/(n-Hc) (1) 

where 5 represents the thickness (um) of a magnetic 
layer, Br represents the residual magnetic flux density 
(G), m represents a factor regarding the squareness and 
Hc represents the coercive force (Oe). 
Accordingly, for improving the magnetic density, it 

is an effective means for improving the coercive force 
together with the reduction of the thickness for the 
magnetic layer. 
By the way, the magnetic recording media are gener 

ally classified into three types, i.e., (1) a coating type, (2) 
a plated thin film type and (3) a sputtered thin film type 
depending on the difference of the manufacturing 
method, and improvement for the coercive force has 
been tried to each of the cases as shown below. 
The coating type medium (l) is a magnetic recording 

medium prepared by coating and baking acicular y 
Fe2O3 magnetic particles mixed with a binder and the 
like on an aluminum alloy substrate and, for the im 
provement of the coercive force, it has been employed 
a method, for example, of refining the acicular magnetic 
particles or depositing Co to the surface thereof. 

Further, the plated thin film type medium (2) is pre 
pared by forming a magnetic layer such as Co-P or 
Co-Ni-Pby means of an electroless plating method on a 
substrate comprising an aluminum alloy substrate (here 
inafter referred to as NiP plated substrate), in which 
improvement is intended for the coercive force by the 
improvement of the plating bath composition. 

However, it is difficult to reduce the film thickness in 
the coating type medium (1), while no satisfactory in 
crease in the recording density has yet been attained in 
the plated thin film type medium (2) above and, afterall, 
expectation has been made to the method of forming the 
magnetic layer by means of the sputtering method.(3) 
above. 
As the sputtering type thin film medium, those pre 

pared by forming a magnetic layer such as Co-Ni-Cr or 
Co-Ni by means of sputtering on a NiP plated substrate 
is ordinary, and improvement for the magnetic compo 
sition has been attempted as a means for improving the 
coercive force. Further, there have also been proposed 
a method of forming a film of a magnetic layer in a state 
where the temperature of the substrate is elevated (for 
example, in the Summary of The Academic Lecture of 
the Eleventh Meeting of The Applied Magnetic Society 
of Japan by Ishikawa, et al, p 18, 1987, 11), and a 
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2 
method of optimizing the conditions for forming the 
magnetic layer by applying a reverse bias voltage to a 
substrate (for example, in the Preprint for the Associ 
ated Lecture of 35th Applied Physics Society, by Hash 
imoto et al, p 57, 1988, 10). 
However, even in the sputtering thin film type me 

dium as described above, since a noble metal such as 
Co-Cr-Pt is used as the magnetic material as the method 
relying on the improvement of the magnetic composi 
tion, it is not economically advantageous. 

Further, in the case of high temperature film-forming 
method of forming a magnetic layer by means of sput 
tering in a state of elevating the temperature of the 
substrate, although a magnetic recording medium in 
proved with the coercive force can be obtained in the 
experimental level, if it is intended for mass production, 
the magnetic layer is not formed easily in a state where 
the temperature of heating the substrates exceeds 250 
C. due to the problem in view of the film forming de 
vice such as the carrier for holding the substrate is liable 
to be deformed by heating. In addition, in the case of 
using the NiP plated substrate, there has been a problem 
that on amorphous NiP plated layer is crystallized and 
magnetized to give an undersired effect on the magnetic 
layer at higher than 280 C. and, further, deformation is 
caused to the substrate if it is heated to higher than 300 
C. 
On the other hand, the method of forming the mag 

netic layer in a state where a reversed bias voltage is 
applied to the substrate provides an excellent effect for 
the improvement of the coercive force but it involves a 
problem that the structure of the film forming device is 
complicated due to the requirement for applying the 
reverse bias voltage. In this way, even the sputtering 
thin film type medium is still insufficient for the increase 
of the recording density. 
By the way, as the performance required for the 

substrate in view of attaining the increase of the record 
ing density, there can be mentioned, for example, that it 
has a surface property with less surface roughness and 
no surface defects, it is chemically stable as a underlying 
base for the magnetic recording layer and it has such a 
hardness and strength as capable of ensuring durability 
against contact with a head. Further, as the perfor 
mance required for the material of the substrate, there 
can be mentioned non-magnetic property, high hard 
ness, high heat resistance, reduced weight, high 
strength and high rigidity. 
For satisfying such requirements, magnetic recording 

medium using, as a substrate, a vitreous carbon substrate 
has recently been proposed. For instance, Japanese 
Patent Laid-Open Sho 62-234232 discloses a magnetic 
disc in which a magnetic thin film is formed on a vitre 
ous carbon substrate and, further, the present inventors 
have also developed and have already filed an applica 
tion (Japanese Patent Application Hei 1-188225) for a 
magnetic thin recording medium in which a thin Co 
based alloy film is formed on a vitreous carbon sub 
strate. Although these magnetic recording media can be 
evaluated as having high magnetic recording reliability, 
they can not yet been said to be satisfactory in view of 
making the coercive force higher for the improvement 
of the recording density. 

DISCLOSURE OF THE INVENTION 

The present invention has been made taking notice of 
the foregoing situations and it intends to provide a 
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method of manufacturing a magnetic recording medium 
which enables to make the higher recording density by 
improving the coercive force and/or squareness ratio. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1(a) and 1(b) are explanatory cross sectional 

views for the constitution of a magnetic disc according 
to the present invention, 
FIG. 2 is a view illustrating a relationship between 

the conditions for the heat treatment and the coercive 10 
force of a magnetic disc obtained by Example 1, 

FIG. 3 is a view illustrating a relationship between 
the heating temperature and the deformation amount of 
the substrate in a carbon substrate according to the 
present invention and a conventional NiP plated sub 
strate, 

FIGS.4(a), 4(b), 4(c) and 4(d) are views illustrating 
magnetic properties under each of heat treating condi 
tions for a magnetic disc obtained by Example 2, 
FIG. 5(a) and FIG. 5(b) are views illustrating mag 

netic properties under each of heat treating conditions 
for a magnetic disc obtained by Example 3, 
FIGS. 6(a), 6(b), 6(c) and 6(d) are views illustrating 

magnetic properties under each of heat treating condi 
tions for a magnetic disc obtained by Example 4, 

FIGS. 7(a), 7(b), 7(c) and 7(d) are views illustrating 
magnetic properties under each of heat treating condi 
tions for a magnetic disc obtained by Example 6, 
FIG. 8(a) and FIG. 8(b) are views illustrating mag 

netic properties under each of heat treating conditions 
for a magnetic disc obtained by Example 7, 
FIGS. 9(a), 9(b), 9(c) and 9(d) are views illustrating 

magnetic properties under each of heat treating condi 
tions for a magnetic disc obtained by Example 8, 

FIG. 10(a), 10(b), 10(c) and 10(d) are views illustrat 
ing magnetic properties under each of heat treating 
conditions for a magnetic disc obtained by Example 9 
and 

FIGS. 11(a), 11(b), 11(c) and 11(d) are views illustrat 
ing magnetic properties under each of heat treating 40 
conditions for a magnetic disc obtained by Example 10. 
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BEST MODE FOR PRACTICING THE 
INVENTION 50 

The present inventors have made earnest studies for 
making the higher coercive force of a magnetic record 
ing medium and, as a result, have accomplished the 
present invention based on the finding that the coercive 
force is improved by forming a Co-based alloy magnetic 55 
layer or the like on a carbon substrate by means of 
sputtering and then heating the same at a high tempera 
te. 
When the features of the carbon substrate are set 

forth, there can be mentioned, for example, that it is 
non-magnetic and is not hardly deformed even if it is 
heated to higher than 250' C., (2) it shows high Vickers 
hardness of about: Hv=about 650 as compared with the 
Vickers hardness of an aluminum alloy of: Hv=about 
60 or the hardness of the NiP plated layer of: 
Hv = about 450 and a magnetic layer can be formed 
directly without applying the NiP plating layer, (3) 
since it is less reactive with other elements even at a 

65 

4. 
high temperature and does not form solid intermetallic 
compounds and the like, no crystallizates are present in 
the material to enable to reduce bit errors caused by 
surface protrusions or bits and (4) since the bending 
strength is as large as 180 (MPa) and a specific gravity 
is as low as 1.5-2.0, weight reduction is possible as 
compared with the aluminum alloy substrate and NiP 
plated substrate and it has a merit as a substrate for the 
magnetic recording medium. 
By applying a heat treatment at a temperature of 250 

to 1450 C. to the carbon substrate as described above 
on which a magnetic layer and a protecting and lubri 
cating layer are formed successively or a carbon sub 
strate on which Cr layer, magnetic layer and protecting 
and lubricating layer are formed successively, coercive 
force can be improved with neither magnetization nor 
deformation of the substrate. 
Although the function or the mechanism per se for 

attaining the improvement in the coercive force by the 
heat treatment as described above is not always appar 
ent, it may be supposed as below. 

In a case of forming a magnetic layer comprising a 
Co-based alloy such as Co-Ni-Cr, Co-Ni, Co-Ni-Pt, 
Co-Cror Co-Cr-Ta on a carbon substrate, further form 
ing a protecting and lubricating layer and then heating 
them in an atmospheric air at high temperature, it is 
considered that the grain boundary of the Co-based 
alloy magnetic layer is selectively oxidized and, further, 
segregation of Cr into the grain boundary is promoted 
in the Co-based alloy magnetic layer containing Cr and 
as a result, the coercive force is improved by the behav 
ior of the crystal grains per se of the Co-bases alloy 
magnetic layer as single magnetic domain grains. Fur 
ther, in a case where heating is applied at high tempera 
ture in vacuum or an inert gas atmosphere, it is consid 
ered that the coercive force is improved by the promo 
tion of Cr segregation into the grain boundary de 
scribed above in the Co-based alloy magnetic layer. 
On the other hand, in the method of manufacturing a 

magnetic recording medium by forming a Cr under 
layer on a carbon substrate, forming a Co-based alloy 
magnetic layer and then applying heat treatment, it is 
considered that the (110) face of the crystal lattice in the 
Cr underlayer is grown by the heat treatment in addi 
tion to the improving effect for the coercive force as 
described above and, the easy magnetization axis (c- 
axis) of the magnetic Co-based alloy layer is liable to be 
oriented within the face to improve the coercive force. 

In the present invention, the range for the tempera 
ture of the heat treatment is defined as 250 to 1450 C., 
because no sufficient effect for improving the coercive 
force can be attained at a temperature lower than 250 
C., whereas the Co-based alloy magnetic layer itself 
may possibly be destroyed by heat if it exceeds 1450° C. 
Preferably, it is from 350 to 800 C. 

In a case of forming a protecting and lubricating layer 
on a magnetic layer and then applying the heat treat 
ment, however, the protecting and lubricating layer 
may sometime react with oxygen to be gasified by the 
heat treatment, to reduce the thickness thereof or to be 
eliminated. That is, carbon is generally used for the 
protecting and lubricating layer and, if heat treatment is 
applied after forming the protecting and lubricating 
layer comprising C (hereinafter referred to as a C pro 
tecting and lubricating layer), the C protecting and 
lubricating layer reacts with oxygen to be gasified as: 
C--O2-CO2, thereby reducing the thickness thereof or 



5 
being eliminated. Further, even in a case of heating at a 
high temperature in vacuum or in an inert gas atmo 
sphere not in the atmospheric air after forming the C 
protecting and lubricating layer, if the vacuum degree 
or the replacement with the inert gas is not sufficient, 
the thickness of the C protecting and lubricating layer 
tends to be reduced by the gasifying reaction. In view of 
the above, it has been concluded that the heat treatment 
is preferably applied prior to the formation of the pro 
tecting and lubricating layer on the magnetic layer. The 
present invention is not restricted by the ingredient of 
the protecting and lubricating layer and SiO2, ZrO2 and 
the like may also be used in addition to carbon described 
above. 

Further, the present inventors have found that if the 
heat treatment is conducted under the application of a 
magnetic field, the squareness ratio can be improved to 
attain the increased recording density. 
That is, by conducting the heat treatment under the 

application of a magnetic field in the circumferential 
direction of a disc, directions of the magnetic moments 
in the magnetic domains of the Co-based alloy magnetic 
layer as the recording layer are aligned in the circum 
ferential direction of the disc. This can increase the 
squareness ratio to improve the read out characteristics. 
It is only necessary that the level of the magnetic field 
applied is greater than the coercive force to be provided 
and the effect is greater as the difference becomes 
larger. 
The present invention will now be explained refer 

ring to examples. 
EXAMPLE 

Description will at first be made to the manufacturing 
of a carbon substrate for a magnetic disc. After molding 
a phenol-formaldehyde resin into a magnetic disc-like 
shape, it was preliminarily baked in a N2 gas atmosphere 
at a temperature of 1000 to 1500 C. Subsequently, it 
was applied with HIP treatment by using a hot isostatic 
pressing (HIP) device by applying an isotropic pressure 
of about 2000 atm while heating to 2500' C. The phe 
nol-formaldehyde was baked and carbonized into a 
vitreous carbon molding product by the HIP treatment. 
The molding product was applied with a predetermined 
fabrication to the circumferential face and surface 
grinding to obtain a carbon substrate of 1.27 mm thick 
nessX3.5 inch. 
Then, after manufacturing a structure comprising the 

carbon substrate 1 on which respective layers of the Cr 
underlayer 2, the CoNiCr magnetic layer 3 and the C 
protecting and lubricating layer 4 were successively 
formed continuously by means of sputtering as shown 
by the constitution in FIG. (a) and the structure hav 
ing no Cr underlayer 2 as shown by the constitution 
shown in FIG. 1(b) depending on the conditions for 
manufacturing the magnetic disc shown below, they 
were applied with a heat treatment under the conditions 
of 250-450 C.X2 hr in an atmospheric air to manu 
facture magnetic discs. 

Conditions for Manufacturing Magentic Disc 
Film-forming system: 
Substrate temperature: 
Structure: 

D.C. magnetron sputtering system 
250 C. 
Carbon substrate 
Cr layer (thickness: 0,500 A, 1000 A, 
2000 A, 3000A) c 
Co62.5Ni30Cr1.5 layer (thickness: 600A) 
C layer (thickness: 300A) 
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6 
-continued 

Conditions for Manufacturing Magentic Disc 
250-450 C, x 2 hr. Heat treating condition: 

The coercive force Hc of the thus formed magnetic 
discs were measured by a vibrating sample type magne 
tometer (VSM). The results are shown in FIG. 2. In 
FIG. 2, reference numeral AS means "with no heat 
treatment'. 

Further, the relationship between the conditions for 
the heat treatment and the amount of the magnetization 
was measured by VSM while using, for the comparison, 
a NiP plated substrate (prepared by applying NiP plat 
ing of about 15 um thickness on Al-Mg alloy substrate 
and then applying surface polishing) having the same 
size as that for the carbon substrate for 3.5 inch. The 
results are shown in Table 1. Further, the relationship 
between the heating temperature and the deformation 
amount of the substrate was measured by a interferome 
ter (trade name: NIDEK, manufactured by NIDEK 
Co.). The results are shown in FIG. 3. 

TABLE 1 
Kind of 250 C. X 300' C. X 350 C. X 
substrate 2 Hr 2 Hir 2 Hr 

Br Bs Br Bs Br Bs 
Carbon Non-magnetic property 
substrate 2 

3 
NiP l 0.3 1.8 20.4 162.0 239.6 570.9 
plated 2 0.3 .3 37.0 173.8 221.6 S23.8 
substrate 3 0.3 0.8 33.6 63.0 213.8 538. 

Remarks 
(1) Br: residual magentic flux density (G) Bs: saturation magentic flux density (G) 
(2) Bs < 10 (G) is required in the case of NiP plated substrate 

As can be seen from FIG. 2, the coercive force could 
be improved in any of magnetic discs, a partial cross 
section of which is shown in FIG. 1(a) and (b) by apply 
ing heat treatment in an atmospheric air. Further, as 
shown in Table 1 and FIG. 3, the conventional NiP 
plated substrate is magnetized already at about 250 C. 
and causes deformation in excess of 310' C., whereas 
the carbon substrate is neither magnetized nor de 
formed if it is heated to higher than 250° C. In a case of 
applying the heat treatment in an atmospheric air as in 
this example, since the saturation magnetic flux density 
(Bs) and the residual magnetic flux density (Br) as other 
magnetic properties tend to be reduced along with the 
progress of oxidization in the Co-based alloy magnetic 
layer (CoNiCr magnetic layer 3 in this case), it is desir 
able to apply a heat treatment at a high temperature and 
a short time when it is intended to obtain the coercive 
force Hc to the same extent. 

EXAMPLE 2 

A magnetic disc in which a Crunderlayer of 3000 A 
thickness was formed on the carbon substrate was man 
ufactured in the same way as in Example 1 except for 
applying the heat treatment in vacuum. The degree of 
vacuum in the heat treatment was 30 mTorr, and the 
heating temperature and the heating time are shown in 
FIG. 4(a). 
Then, the coercive force He, the saturation magnetic 

flux density Bs, the squareness ratio S (= Br/Bs) and the 
coercive squareness ratio S" (corresponding to m in the 
formula (1) of the resultant magnetic discs were mea 
sured respectively by VSM. The results are shown in 
FIG. 4(a) to FIG. 4(d). FIG. 4(a) is a view illustrating a 
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relationship between the conditions for the heat treat 
ment and the coercive force He, FIG. 4(b) is a view 
illustrating a relationship between the conditions for the 
heat treatment and the saturation magnetic flux density 
Bs, FIG. 4(c) is a view illustrating the relationship be 
tween the condition for the heat treatment and the 
squareness ratio S and FIG. 4(d) is a view illustrating 
the relationship between the condition for the heat 
treatment and the coercive squareness ratio S". In each 
of the figures, the reference AS shows the measured 
value in the case of not applying the heat treatment. 
As can be seen from FIG. 4(a), a magnetic disc with 

improved coercive force Hc could be obtained in a 
range for the heating temperature from 500 to 550' C. 
even by applying the heat treatment in vacuum. In this 
case, as can be seen from FIG. 4(b) to FIG. 4(d), since 
excess oxidizing phenomenon of the CoNiCr magnetic 
layer 3 which is considered to be liable to occur by the 
heat treatment in the atmospheric air can be avoided, 
the residual magnetic flux density Brand the coercive 
squareness ratio S" as other magnetic properties re 
quired for attaining the increased recording density 
maintain the values substantially equal with those in a 
case of not applying the heat treatment, and the coer 
cive force Hc could be improved without reducing 
them. 

EXAMPLE 3 

Magnetic discs were manufactured in the same way 
as in Example 2 except for not forming the Cr underly 
ing layer 2. The heating temperature and heating time 
are shown in FIG. 5(a). 

Then, in the same way as in Example 2, the coercive 
force Hc and the saturation magnetic flux density Bs 
were measured. FIG. 5(a) shows the relationship be 
tween the conditions for the heat treatment and the 
coercive force Hc and FIG. 5(b) shows the relationship 
between conditions for the heat treatment and the satu 
ration magnetic flux density Bs. In each of the figures, 
the reference AS shows the measured value in the case 
of not applying the heat treatment. 
As can be seen from FIG. 5(a), a magnetic disc hav 

ing the coercive force Ho increasing along with the 
elevation of the heating temperature could be obtained 
by applying the heat treatment in vacuum for the mate 
rial not having the Cr underlayer 2 on the carbon sub 
strate 1. 

EXAMPLE 4 

Magnetic discs were manufactured in the same way 
as in Example 2 except for applying the heat treatment 
in an inert gas atmosphere. The heating temperature 
and the heating time are shown in FIG. 6(a). 
Then, the coercive force Hc, the saturation magnetic 

flux density Bs, the squareness ratio S and the coercive 
squareness ratio S' of the resultant magnetic discs were 
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measured respectively by VSM. The results are shown 
in FIG. 6(a) to FIG. 6(d). FIG. 6(a) is a view illustrating 
the relationship between the conditions for the heat 
treatment and the coercive force Ho, FIG. 6(b) is a view 
illustrating the relationship between the conditions for 
the heat treatment and the saturation magnetic flux 
density Bs, FIG. 6(c) is a view illustrating the relation 
ship between the conditions for the heat treatment and 
the squareness ratio S and FIG. 6(d) is a view illustrat 
ing the relationship between the conditions for the heat 
treatment and the coercive squareness ratio S". In each 
of the figures, the reference AS shows the measured 
value in the case without applying the heat treatment. 

In this way, by applying the heat treatment in an Ar 
gas atmosphere, magnetic discs with improved coercive 
force Ho could be obtained without reducing the resid 
ual magnetic flux density Br and the coercive square 
ness ratio S. 

Further, although the heat treatment is applied in the 
Argas atmosphere in this example, it is confirmed that 
the coercive force He can be increased by applying the 
heat treatment in a N2 gas atmosphere instead of the Ar 
gas atmosphere in the method according to the present 
invention. 

Further, examples of magnetic discs prepared by 
forming the Crunderlayer and the Co-based alloy mag 
netic layer by means of sputtering in each of the exam 
ples described above, but the present invention is appli 
cable also to magnetic discs using a carbon substrate on 
which the layers are formed by the method such as 
vapor deposition or plating. 

EXAMPLE 5 

Magnetic discs were manufactured in the same way 
as in Example 1 except for applying the heat treatment 
under each of the conditions of 450 C.X 15 min and 
500° C.x3 min in an atmospheric air after forming the 
Cr underlayer 2 of 3000 A and the CoNiCr magnetic 
layer 3 and before forming the C protecting and lubri 
cating layer 4 on the carbon substrate 1. 
The coercive force Ho, the saturation magnetic flux 

density Bs, the squareness ratio S and the coercive 
squareness ratio S" for each of the resultant magnetic 
discs were measured by VSM respectively, and the 
thickness of the C protecting and lubricating layer 4 
was measured by a surface roughness gage (trade name; 
Talystep, manufactured by Rank Taylor Hobson Co.). 
Further, after conducting a so-called circumstance test 
of leaving each of the thus manufactured magnetic discs 
in a high temperature and high humidity atmosphere at 
a temperature of 65 C. and a humidity of 85%, each of 
the above-mentioned values was measured again. 
The results are shown in Table 2. For the compari 

son, the results of the test specimen in Example 1 in 
which the Crunderlayer of 3000A was formed are also 
shown in Table 2. 

TABLE 2 
Heat treatment condition and each 

of measured value 
Value 450 C. X 15 min 500 C. x 3 min 
without Before After Before After 
heat circum- circum- circum- circum 
treat- stance stance Starce Stace 

Section Measuring item ment test test test test 

Example 5. He (Oe) 1005 575 1575 1740 740 
S 0.86 0.75 0.75 0.76 0.76 
St. 0.96 0.46 0.46 0.32 0.32 
Bs (G) 8850 4700 4700 3420 3420 
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TABLE 2-continued 

10 

Heat treatment condition and each 
of measured value 

Value 450 C, x 15 min - 500 C, x 3 min 
without Before After Before After 
heat circum- circum- circum- circum 
treat- stace stance stance stance 

Section Measuring item ment est test test test 

C-layer 300 300 300 300 300 
thickness (A) 

Example 1 Hic (Oe) 05 SS0 555 715 720 
S 0.86 0.74 0.3 0.75 0.73 
S 0.95 0.43 0.43 0.32 0.30 
Bs (G) 8790 4705 3700 3405 2680 
C-layer 300 0. O O O 
thickness (A) 

As can be seen from Table 2, magnetic discs with 
increased coercive force Hc could be obtained by ap 
plying the heat treatment in both of the methods in 
Example 5 and Example 1. However, since the method 
of the Example 1 used the manufacturing step of apply 
ing the heat treatment, in an atmospheric air to the 
carbon substrate 1 on which the Cr underlayer 2, the 
CoNiCr magnetic layer 3 and the C protecting and 
lubricating layer 4 were successively formed, the C 
protecting and lubricating layer 4 was gasified and elim 
inated by the heating due to the high temperature oxida 
tion in the heat treating conditions of Example 5. Ac 
cordingly, the CoNiCr magnetic layer 3 was deterio 
rated and the value of the saturation magnetic flux den 
sity Bs was reduced in the circumstance test. 
On the contrary, in the method of Example 5, since 

the heat treatment is applied prior to the formation of 
the C protecting and lubricating layer 4 on the CoNiCr 
magnetic layer 3, magnetic discs having high coercive 
force Hc and causing no reduction in the saturation 
magnetic flux density Bs or the like due to the failure of 
the C protecting and lubricating layer 4 even after the 
circumstance test were obtained. In the case of applying 
the heat treatment in the atmospheric air as in this exam 
ple, since the saturation magnetic flux density Bs and 
the residual magnetic flux density Br tend to be reduced 
along with the progress of the oxidation of the Co-based 
alloy magnetic layer (CoNiCr magnetic layer 3 in this 
case), it is desirable to apply the heat treatment at a high 
temperature and in a short time for attaining the identi 
cal coercive force Ho. 

EXAMPLE 6 

Magnetic discs were manufactured in the same way 
as in Example 5 except for applying the heat treatment 
in vacuum. The heating temperature and the heating 
time are shown in FIG. 7(a). 
The coercive force Ho, the saturation magnetic flux 

density Bs, the squareness ratio S and the coercive force 
squareness ratio S' of the resultant magnetic discs were 
measured respectively by VSM. The results are shown 
in FIG. 7(a) to FIG. 7(d). FIG. 7(a) is a view illustrating 
the relationship between the conditions for the heat 
treatment and the coercive force Hic, FIG.7(b) is a view 
illustrating the relationship between the conditions for 
the heat treatment and the saturation magnetic flux 
density Bs, FIG. 7(c) is a view illustrating the relation 
ship between the conditions for the heat treatment and 
the squareness ratio S and FIG. 7(d) is a view illustrat 
ing the relationship between the condition for the heat 
treatment and the coercive squareness ratio S'. In each 
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of the figures, the reference AS shows the measured 
value in the case not applying the heat treatment. 
As can be seen from FIG. 7(a), magnetic discs with 

improved coercive force He could be obtained in a 
range for the heating temperature of 500 to 550 C. 
under the conditions in this example. In this case, as can 
be seen from FIG.7(b) and FIG.7(c), since excess oxidi 
zation phenomenon of the CoNiCr magnetic layer 3 
which is considered to be liable to occur by the heat 
treatment in the atmospheric air can be avoided, the 
squareness ratio S and the saturation magnetic flux den 
sity Bs (residual magnetic flux density Br) as for factors 
for other magnetic properties required for attaining the 
increased recording density maintain the substantially 
equal with those in a case of not applying the heat treat 
ment, and the coercive force Ho could be improved 
without reducing them. Further, since the heat treat 
ment was applied prior to the formation of the C pro 
tecting and lubricating layer 4 on the CoNiCr magnetic 
layer 3, reduction in the thickness of the C protecting 
and lubricating layer 4 liable to occur upon heat treat 
ment after forming the C protecting and lubricating 
layer 4 in a case of poor vacuum degree could be 
avoided. 

EXAMPLE 7 

Magnetic discs were manufactured in the same way 
as in Example 6 except for not forming the Cr under 
layer. The heating temperature and the heating time are 
shown in FIG. 8(a). 
The coercive force Ho and the saturation magnetic 

flux density Bs of the resultant magnetic discs were 
measured by VSM. 
FIG. 8(a) shows a relationship between the condi 

tions for the heat treatment and the coercive force Hic 
and FIG. 8(b) shows a relationship between the condi 
tions for the heat treatment and the saturation magnetic 
flux density Bs. In each of the figures, the reference AS 
represents the measured value in the case not applying 
the heat treatment. 
As can be seen from FIG. 8(a), magnetic discs having 

the coercive force Ho increased along with the eleva 
tion of the heating temperature could be obtained under 
the conditions in this example. Further, since the heat 
treatment was applied prior the the formation of the C 
protecting and lubricating layer 4 on the CoNiCr mag 
netic layer 3, it was possible to avoid the decrease of the 
thickness of the C protecting and lubricating layer 4 
which is liable to occur upon heat treatment after the 
formation of the C protecting and lubricating layer 4 in 
a case where the vacuum degree is poor. 
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Although examples for manufacturing magnetic discs 
by forming the Cr underlayer and the Co-based alloy 
magnetic layer by means of sputtering in each of the 
examples above, but the present invention is also appli 
cable to the case of forming such layers by the method 
of vapor deposition, plating, etc. and is also applicable 
to a case of applying the heat treatment in an inert gas 
atmosphere. 

EXAMPLE 8 

Magnetic discs were manufactured in the same way 
as in Example 2 except for applying the heat treatment 
under a magnetic field at a intensity of 5,000 Oe and 
directed to the circumferential direction of the disc by 
using a heat treatment device under the magnetic field. 
The heating temperature and the heating time are 
shown in FIG. 9(a). 
A plurality of specimens each 8x8 mm were cut out 

from the resultant magnetic discs, and in property along 
the circumferential direction of the disc were measured 
for the coercive force Hc, the saturation magnetic flux 
density Bs, the squareness ration S and the coercive 
squareness ratio Sr, respectively by VSM. 
The results are shown in FIG. 9(a) to FIG. 9(d). FIG. 

9(a) is a view illustrating the relationship between the 
conditions for the heat treatment and the coercive force 
Hc, FIG. 9(b) is a view illustrating the relationship 
between the condition for the heat treatment and the 
saturation magnetic flux density Bs, FIG. 9(c) is a view 
illustrating the relationship between the condition for 
the heat treatment and the squareness ratio S and FIG. 
9(d) is a view illustrating the relationship between the 
conditions for the heat treatment and the coercive force 
squareness ratio S". In each of the figures, the reference 
AS shows the measured value in the case not applying 
the heat treatment. For the comparison, the results of 
Example 2 in which the heat treatment was applied 
under no magnetic field are shown together in FIG. 9(a) 
to FIG. 9(d). 
As can be seen from FIG. 9(a), magnetic discs with 

increased coercive force Hc could be obtained within a 
range of heating temperature from 500' to 550° C. is the 
conditions of this example. Further, as can be seen from 
FIG. 9(c) and FIG. 9(d), increased squareness ratio S 
and the coercive squareness ratio S' could be obtained 
in the case of applying the heat treatment under the 
magnetic field as compared with the case of not apply 
ing the heat treatment and the case of merely applying 
the heat treatment with no application of the magnetic 
field. In this example, the heat treatment is applied in 
vacuum in a state where the magnetic field is generated, 
but it may be conducted in an inert gas atmosphere such 
as Argas instead of vacuum atmosphere. 

EXAMPLE 9 

Magnetic discs were manufactured in the same way 
as in Example 5 except for applying the heat treatment 
under a magnetic field at an intensity of 5000 Oe and 
directed to the circumferential direction of the disc after 
forming the Cr underlayer 2 and the CoNiCr magnetic 
layer 3 and before forming the C protecting and lubri 
cating layer 4 on the carbon substrate 1. Heating tem 
perature and the heating time are shown in FIG. 10(a). 
The coercive force Hc, the saturation magnetic flux 

density is, the squareness ratio S and the coercive force 
squareness ratio S' of the resultant magnetic discs were 
measured respectively by VSM in the same way as in 
Example 8. The results are shown in FIG.10(a) to FIG. 
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12 
10(d). FIG. 10(a) is a view illustrating the relationship 
between the conditions for the heat treatment and the 
coercive force Hc, FIG. 10(b) is a view illustrating the 
relationship between the conditions for the heat treat 
ment and the saturation magnetic flux density Bs, FIG. 
10(c) is a view illustrating the relationship between the 
conditions for the heat treatment and the squareness 
ratio S and FIG. 10(d) is a view illustrating the relation 
ship between the conditions for the heat treatment and 
the coercive squareness ratio S". In each of the figures, 
the reference As shows the measured value in the case 
not applying the heat treatment. 
As can be seen from FIG. 10(a), magnetic discs with 

the coercive force Ho increased by the heat treatment 
could be obtained. Further, as shown in FIG. 10(c), 
improvement was in the squareness ratio S observed by 
conducting the heat treatment in the magnetic field. In 
the case of applying the heat treatment in the atmo 
sphere air, a trend was observed in which the saturation 
magnetic flux density Bs and the residual magnetic flux 
density Br were liable to be reduced due to the excess 
oxidizing phenomenon of the CoNiCr magnetic layer 3. 

EXAMPLE 10 

Magnetic discs were manufactured in the same way 
as in Example 8 except for not forming the Cr under 
layer 2. The heating temperature and the heating time 
are shown in FIG. 11(a). 
The coercive force He, the saturation magnetic flux 

density Bs, the squareness ratio Sand the coercive force 
squareness ratio S' of the resultant magnetic discs were 
measured respectively by VSM. The results are shown 
in FIG, 11(a) to FIG. 11(d). FIG. 11(a) is a view illus 
trating the relationship between the conditions for the 
heat treatment and the coercive force Hc, FIG. 11(b) is 
a view illustrating the relationship between the condi 
tion for the heat treatment and the saturation magnetic 
flux density Bs, FIG. 11(c) is a view illustrating the 
relationship between the condition for the heat treat 
ment and the squareness ratio S and FIG. 9(d) is a view 
illustrating the relationship between the conditions for 
the heat treatment and the coercive squareness ratio S". 
In each of the figures, the reference AS shows the mea 
sured value in the case not applying the heat treatment. 
As can be seen from FIG. 11(a), magnetic discs hav 

ing the coercive force Ho increased along with the 
elevation of the heating temperature could be obtained. 
Further, as shown in FIG. 11(c), FIG. 11(d), improved 
squareness ratio and coercive squareness ratio S' could 
be obtained by the heat treatment applied in the mag 
netic field. 

INDUSTRIAL APPLICABILITY 

According to the present invention, a magnetic re 
cording medium having higher coercive force than 
usual and suitable to increase force recording density 
can be provided by using a simple means of heat treat 
ment. 
Further, if a method of applying heat treatment in a 

magnetic field is employed for manufacturing magnetic 
discs, magnetic discs of improved squareness ratio can 
be obtained since the directions of the magnetic mo 
ments in the magnetic domains of the Co-based alloy 
magnetic layer can be aligned in the circumferential 
direction of the disc. Accordingly, it can provide an 
economical merit that a generally used film-forming 
apparatus such as a sputtering system can be used as it is 
and it can contribute to increase the capacity of the 
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magnetic disc device without increasing the size 
thereof. 
We clain: 
1. A method of manufacturing a magnetic recording 

medium in which a magnetic layer is formed on a car 
bon substrate, wherein a magnetic layer comprising a 
Co-based alloy and a protecting and lubricating layer 
are successively formed on the carbon substrate and 
then a heat treatment is applied at a temperature from 
250' to 1450 C. 

2. A method of manufacturing a magnetic recording 
medium as defined in claim 1, wherein the Co-based 
alloy contains Cr. 

3. A method of manufacturing a magnetic recording 
medium as defined in claim 1 or 2, wherein an under 
layer comprising Cr is formed on the carbon substrate 
before forming the magnetic layer comprising the Co 
based alloy. 

4. A method of manufacturing a magnetic recording 
medium as defined in claim 1 wherein the heat treat 
ment is applied under the formation of a magnetic field 
directed to the circumferential direction of the disc. 

5. A method of manufacturing a magnetic recording 
medium as defined in claim 1, wherein said heat treat 
ment is applied in a vacuum. 

6. A method of manufacturing a magnetic recording 
medium as define in claim 1, wherein said heat treat 
ment is conducted in an inert gas atmosphere. 

7. A method of manufacturing a magnetic recording 
medium as defined in claim 1, wherein said heat treat 
ment is conducted for a time ranging from 0.2-20 min 
utes at a temperature of 500-800° C. 

8. A method of manufacturing a magnetic recording 
medium as defined in claim 1, wherein said heat treat 
ment is conducted at a temperature from 350-800° C. 

9. A method of manufacturing a magnetic recording 
medium in which a magnetic layer is formed on a car 
bon substrate, wherein a magnetic layer comprising a 
Co-based alloy is formed on the carbon substrate, a heat 
treatment is applied at a temperature from 250 to 1450 
C. and then a protecting and lubricating layer is formed. 

10. A method of manufacturing a magnetic recording 
medium as define in claim 9, wherein the Co-based alloy 
contains Cr, 
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11. A method of manufacturing a magnetic recording 

medium as defined in claim 9 or 10, wherein an under 
layer comprising Cr is formed on the carbon substrate 
before forming the magnetic layer comprising the Co 
based alloy. 

12. A method of manufacturing a magnetic recording 
medium as define in claim 9, wherein said heat treat 
ment is applied in a vacuum. 

13. A method of manufacturing a magnetic recording 
medium as defined in claim 9, wherein said heat treat 
ment is conducted in an inert gas atmosphere. 

14. A method of manufacturing a magnetic recording 
medium as defined in claim 9, wherein said heat treat 
ment is conducted for a time ranging from 0.2-20 min 
utes at a temperature of 500-800° C. 

15. A method of manufacturing a magnetic recording 
medium as defined in claim 9, wherein said heat treat 
ment is conducted at a temperature from 350-800' C. 

16. A method of increasing, coercive force or the 
squareness ratio of a magnetic recording medium in 
which a magnetic layer is formed on a carbon substrate, 

wherein a magnetic layer comprising a Co-based 
alloy and a protecting and lubricating layer are 
successively formed on the carbon substrate and 
then a heat treatment is applied at a temperature of 
from 250-1450 C., or 

wherein a magnetic layer comprising a Co-based 
alloy is formed on the carbon substrate, a heat 
treatment is applied at a temperature of from 
250-1450 C. and then a protecting and lubricating 
layer are formed on said magnetic layer. 

17. A method of manufacturing a magnetic recording 
medium as defined in claim 16, wherein said heat treat 
ment is applied in a vacuum. 

18. A method of manufacturing a magnetic recording 
medium as defined in claim 16, wherein said heat treat 
ment is conducted in an inert gas atmosphere, 

19. A method of manufacturing a magnetic recording 
medium as defined in claim 16, wherein said heat treat 
ment is conducted for a time ranging from 0.2-20 min 
utes at a temperature of 500-800° C. 

20. A method of manufacturing a magnetic recording 
medium as defined in claim 16, wherein said heat treat 
ment is conducted at a temperature from 350-800° C. 

k 
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